S
ubgroup analyses from the randomized trials of carotid endarterectomy (CEA) for symptomatic carotid stenosis have unequivocally shown that the benefit of surgery is higher if surgery is performed soon after a symptomatic event. 1 The latest guidelines from the American Heart Association suggest that in proper candidates, surgery should be done preferentially within 2 weeks of the symptomatic event. 2, 3 Still there are numerous delays and only a minority of patients undergo surgery within the recommended time. 4 This is related to logistic factors, which at times may delay patient referrals, but also to a traditional reluctance from surgeons to operate early after a symptomatic cerebrovascular event because of a perceived higher incidence of complications. 5 There is a paucity of large studies assessing the risk of early CEA after a stroke or transient ischemic attack (TIA) .
The goal of this study was to evaluate our institutional experience over the past 5 years in a department with a high volume of CEA surgeries.
Materials and Methods

Patient Data
After Institutional Review Board approval, we conducted a retrospective analysis of 507 patients who had 532 CEAs performed in the Department of Neurosurgery between January 2004 and May 2009. All patients were evaluated by a vascular neurologist before endarterectomy. The vascular neurologist determined the symptomatic status of the carotid artery stenosis and for symptomatic patients ruled out any cardioembolic cause of thromboembolism using clinical, laboratory, and imaging criteria. Patients with radiationinduced carotid artery stenosis were excluded from this study. For each patient, data were collected on risk factors, symptomatic status of the carotid stenosis, presenting symptoms, degree of stenosis, results of imaging for estimation of degree of stenosis and localization of infarct location, perioperative complications, and technical aspects of the CEA (use of a shunt and use of a patch). During the course of the study, the criteria for timing of CEA in symptomatic patients were consistent among the different surgeons involved. In particular, symptomatic patients were not considered for early CEA in the presence of an established infarct involving more than one third of the middle cerebral artery territory or when patients had a fixed disabling deficit or unstable medical conditions. Otherwise, patients were operated on soon after evaluation irrespective of the interval from the symptomatic event and delays were usually related to delayed referral after symptom onset.
The prespecified primary end points of the study were any stroke, death, or myocardial infarctions occurring within 30 days of the procedure. Patients were evaluated by a vascular neurologist both before referral to neurosurgery and after CEA. Follow-up data for determination of outcome at 30 days were available in 478 patients (94.3%). Patients without 30-day follow-up were mailed a questionnaire specifically designed to identify symptoms of cerebral or myocardial ischemia or diagnoses of stroke or myocardial infarction that occurred within 30 days of their endarterectomy. Questionnaires were sent to 29 patients, 22 of whom responded for a total 30-day follow-up rate of 98.6%.
Risk Factors and Presenting Symptoms
Information on risk factors for cardiovascular and cerebrovascular disease was collected for each patient. Smoking status information was gathered and patients were categorized as nonsmokers, prior smokers (those who had quitted Ͼ1 year before the endarterectomy), and current smokers (those patients who were either currently smoking or had quit within 1 year of endarterectomy). Hypertension status was defined as a patient taking antihypertensive medications. In addition, data were collected on statin use and diagnoses of coronary artery disease and diabetes mellitus.
Data were also collected on the presenting symptom or sign of the carotid artery stenosis. The presenting symptom or sign was determined by the vascular neurologist who first assessed the patient. Patients were categorized into 3 groups based on symptomatic status: (1) asymptomatic carotid artery stenosis; (2) symptomatic carotid artery stenosis with CEA performed Ͼ2 weeks from last symptomatic event; and (3) symptomatic carotid artery stenosis with symptoms within 2 weeks of CEA.
Degree of Stenosis and Imaging Results
Degree of stenosis was determined by Doppler ultrasound, MR angiography, CT angiography, or digital subtraction angiography as clinically indicated. Typically, Doppler was performed and followed by a confirmatory imaging study (MR angiography or CT angiography). Angiography was reserved for cases in which there was a doubt about possible occlusion, if the degree of stenosis was uncertain to be hemodynamically significant, or when endovascular treatment was considered a possibility. The degree of stenosis was confirmed using MR angiography in 437 cases (83.2%), CT angiography in 30 cases (5.7%), and digital subtraction angiography in 58 cases (11.1%). Patients were classified as having either mild stenosis (Ͻ50% stenosis), moderate stenosis (50% to 69% stenosis), severe stenosis (70% to 99% stenosis), or occlusion. Information on contralateral stenosis was collected as well.
Perioperative Complications
Perioperative complications were determined as complications that occurred within 30 days of the endarterectomy. Primary end points were stroke, myocardial infarction (diagnosed by the combination of clinical symptoms, electrocardiographic criteria, and elevation of cardiac enzymes), and death. A stroke was considered disabling if the resulting modified Rankin score was Ն3. Secondary end points were TIA (defined as a transient neurological deficit lasting Ͻ24 hours), hypoglossal nerve paresis/palsy, laryngeal palsy, inferior mandibular division palsy, and neck hematoma (defined as a hematoma requiring surgical evacuation).
Statistical Analysis
Statistical analysis was performed using the SAS-based statistical software package JMP (www.jmp.com).
2 tests were used to compare categorical variables between groups and 1-way analysis of variance was used to compare continuous variables. A multivariate logistic regression analysis was performed to determine which factors were independent predictors of primary outcomes. Variables considered in this analysis were patch use, shunt use, use of antihypertensives, symptomatic status, smoking status, statin use, diagnosis of diabetes mellitus, diagnosis of coronary artery disease, degree of stenosis, degree of contralateral stenosis, gender, and age.
Results
Demographics and Risk Factors
In total, 532 endarterectomies were performed on 507 patients. Of these 507 patients, 7 patients (1.4%) did not have 30-day follow-up and were thus excluded from further analysis. Each of these 7 patients was discharged to home after a mean of 2.1 days (range, 1 to 5 days) after CEA. Therefore, we present the data of 500 patients with 525 CEAs with a 1-month follow-up rate of 98.6%. In accounting for 30-day complications, the denominator used was the number of procedures. The average age of the patients was 71.3Ϯ9.5 years and 100 patients were Ն80 years. Three hundred forty-one (68.2%) patients were male and 159 (31.8%) were female. Of the 500 patients, 472 were white (94.4%), 2 patients were black (0.4%), 1 patient was Asian (0.2%), 1 patient was Pacific Islander (0.2%), 3 patients were Native American (0.6%), and 21 patients were unknown (4.2%). Two hundred seventy-eight (53.0%) CEAs were done for asymptomatic stenosis (Group 1), 105 (20.0%) for a symptomatic stenosis with symptoms occurring Ͼ2 weeks before CEA (Group 2), and 142 CEAs (27.0%) were done for a symptomatic stenosis in patients with symptoms occurring within 2 weeks of the procedure (Group 3). Of note, patients in Group 3 were generally older than patients in Group 2 (Pϭ0.007). In addition, 35.4% of patients in Group 3 had coronary artery disease, whereas 24.0% of patients in Group 2 had coronary artery disease (Pϭ0.07). These data are summarized in Table 1 .
Indication for Procedures
In Group 2, 38 (36.2%) patients presented with stroke, 38 (36.2%) with TIA, 25 (23.8%) with amaurosis fugax, and 4 (3.8%) with retinal artery occlusion. In Group 3, 50 patients (35.2%) patients presented with stroke, 68 (47.9%) with TIA, 18 (12.7%) with amaurosis fugax, and 6 (4.2%) with retinal artery occlusion.
Perioperative Complications
Overall, the primary outcomes of any stroke, death, and myocardial infarction within 1 month of CEA occurred after 12 procedures (2.1%). All strokes occurred in the territory of the operated carotid artery. Primary outcomes were seen in 10 patients within 5 days of the procedure and 2 patients had events at 10 and 30 days after the procedure. In Group 1, primary outcomes were seen after 5 CEAs (1.8%). Two patients (0.7%) had a nondisabling stroke, 1 patient (0.4%) had a disabling stroke (modified Rankin Scale scoreϭ3 after 2-month postoperative follow-up), 1 patient (0.4%) had a myocardial infarction, and 1 patient (0.4%) had a stroke and died within 2 days of the operation.
In Group 2, primary outcomes were seen after 1 CEA (1.0%). This patient had a disabling stroke (modified Rankin Scale scoreϭ3 after 1-month postoperative follow-up). In Group 3, primary outcomes were seen in 6 patients (4.2%). One patient (0.7%) had a nondisabling stroke, 4 patients
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(2.8%) had a disabling stroke, and 1 patient (0.7%) had a myocardial infarction. Of the patients with disabling strokes in Group 3, 2 patients had a modified Rankin Scale score of 3 after 1-month postoperative follow-up, and 2 patients had modified Rankin Scale scores of 4 and died with disability 7 months postoperatively. When comparing across all 3 groups, there was no statistically significant difference in the rate of primary outcomes (Pϭ0.17). These data are summarized in Table 2 . The secondary outcome of TIA occurred in 2 patients in Group 1 (0.7%), 3 (2.9%) patients in Group 2, and 3 patients (2.1%) in Group 3 (Pϭ0.25). Any degree of cranial nerve palsy/paresis observed after CEA was present after 56 (10.7%) CEAs of patients with no significant differences among the 3 groups (Pϭ0.96). All cranial nerve palsies were transient and resolved on followup. No patient required a tracheostomy or feeding tube placement because of a postoperative cranial nerve paralysis. Neck hematoma requiring surgical evacuation occurred in 9 patients (1.7%); no permanent injury was experienced in any of these patients.
Factors Predictive of Primary Outcomes: Univariate and Multivariate Analyses
When testing the association of baseline factors of degree of stenosis, symptomatic status, age, gender, statin use, antihypertensive use, smoking status, diabetes mellitus, and coronary artery disease, we found none of these variables to be significantly associated with the primary outcomes of the study. In addition, the use of a patch or shunt during the procedure was not associated with the primary outcomes of the study. On performing a multivariate logistic regression analysis, we again found that no single variable was an independent predictor of vascular events within 30 days of endarterectomy. These data are summarized in Table 3 .
Discussion
Our study shows that the perioperative risk of CEA done within 2 weeks of a symptomatic event, although slightly higher than in patients operated on in a delayed fashion or in asymptomatic patients, is still within the accepted risk for the procedure. We found that the perioperative risk of stroke, myocardial infarction, and death was 1.8%, 1.0%, and 4.2% in Groups 1, 2, and 3, respectively. If also TIAs are considered, the combined risk of death, myocardial infarction, and cerebrovascular thromboembolic events is 2.5%, 3.8%, and 6.4% for Groups 1, 2, and 3, respectively. Despite this trend, multivariate analysis revealed that none of the variables collected in this study (including timing of CEA) was associated with perioperative embolic events.
We found an incidence of perioperative myocardial infarction of 0.4%. This is lower than what reported in the Carotid Revascularization Endarterectomy versus Stenting Trial (CREST) in which the observed rate was 2.3% in the endarterectomy arm. 6 This difference is related to the fact that in CREST, cardiac enzymes and electrocardiograms were obtained routinely postoperatively as per protocol, whereas in our practice, these tests are obtained only as clinically indicated. Thus, we may have missed some asymptomatic myocardial infarctions. In this respect, our experience is more in line with the recent International Carotid Stenting Study (ICSS) trial in which the incidence of perioperative myocar- dial infarction was 0.5% and criteria similar to ours were used in the determination of such events. 7 Recently, significant attention has focused on the issue of the timing of CEA in relation to the ischemic event. 1,5,8 -13 Pooled analysis of the randomized CEA trials shows that the benefit of surgery is higher if CEA is done within the first few weeks after a symptomatic event with the number needed to treat to prevent 1 stroke over 2 years being 5 patients if CEA is done within the first 2 weeks and 125 patients if the CEA was delayed Ͼ3 months. 11 This benefit is particularly marked in women with surgery not being beneficial if the surgery is postponed after 2 weeks from the index event. 11 Gasecki et al performed a retrospective North American Symptomatic Carotid Endarterectomy Trial (NASCET) subgroup analysis examining 100 patients with severe carotid artery stenosis and nondisabling stroke at trial entry. Forty-two CEAs were performed within 30 days of the nondisabling stroke and 58 were performed more than 30 days after stroke. Gasecki et al found that for the early CEA group, the postoperative stroke rate was 4.8% and for the delayed group, the stroke rate was 5.2%. 1 In their large systematic review of 47 studies on CEA, Rerkasem et al examined the role of the timing of CEA in relation to symptoms on perioperative stroke and death. This study found that for neurologically stable patients with recent TIA or nondisabling stroke, there was no difference in the rate of perioperative stroke and death whether the patients were operated on within 2 weeks of the symptomatic event. 10 In a New York registry of Medicare patients undergoing CEA, a shorter time interval between the ischemic insult and the surgery was associated with a higher rate of death of stroke. 9 In this study, for patients with TIA or minor stroke before surgery, the combined rate of death and nonfatal stroke was significantly greater in the group operated on within 2 weeks than in the group operated on Ͼ2 weeks after the ischemic event (7.1% versus 5.1%, Pϭ0.04), yet the rates of any stroke (fatal and nonfatal) for patients operated on within 2 weeks of the TIA or minor stroke were not statistically greater than in those operated after 2 weeks. For patients with major stroke before surgery, the authors found no significant impact of the timing of surgery on major complications.
Overall, it appears that CEA can be performed in recently symptomatic patients with a perioperative complication rate that may be slightly higher than in patients operated on in a delayed fashion. However, this small difference likely does not negate the benefits of the procedure, especially in light of the much higher risk of recurrent stroke shortly after a presenting ipsilateral event. 11, 14 Despite the evidence that early CEA is not associated with an increased risk of perioperative stroke and death, there is still a significant delay in offering CEA to symptomatic patients. 8 Traditionally surgeons have been reluctant to operate early after an ischemic event because of a perceived higher risk of perioperative complications. 5 This reluctance stems from data from the Joint Study on Carotid Surgery, a cooperative prospective registry conducted in the late 1960s in which there was a higher incidence of complications when surgery was done early after an acute ischemic event. 15 These findings led many surgeons to postpone surgery until 6 weeks after the cerebrovascular event. However, as suggested by our experience and growing literature, CEA done soon after a symptomatic event does not significantly increase the risk of perioperative complications and, as recommended in current expert guidelines, it should be performed as soon as possible after a qualifying event unless significant contraindications (disabling neurological deficit, extensive brain infarction, or significant medical comorbidities) exist.
The strengths of our study are the relatively large number of patients in each group treated over a short interval, the prospective pre-and postoperative evaluation by a stroke neurologist, the consecutive patient collection (more reflective of a "real-life" clinical situation and devoid of the selection bias intrinsic to "high-power" randomized trials), and the high (98.6%) percentage of patients with complete 1-month data. Moreover, all of the patients lost to follow-up were discharged from the hospital to home and it is known that the majority of perioperative complications are apparent within 24 hours from the surgery, yet our study has several limitations primarily related to its retrospective design. Selection bias may have occurred in the decision of when to operate on our patients. However, we consider that the possibility of selection bias was minimized because all surgeries were performed by a few surgeons with high yearly volumes and all of the patients were preoperatively assessed by a vascular neurologist. Most delays were related to logistic factors and not to an a priori decision to delay treatment. Using our study design, we were not able to determine how many patients had early stroke recurrences during the study period. Lastly, we did not account for plaque stability in our analysis. Factors such as echogenicity, superficial irregularity, and surface ulceration were not taken into account in our analysis. These parameters may contribute to perioperative risks associated with early CEA.
Conclusions
Our retrospective analysis suggests that in selected individuals, the risk of early CEA is acceptable when the procedure is done within the first 2 weeks from an ischemic presenting event. Although the complication rate is slightly higher than symptomatic patients undergoing surgery later than 2 weeks 
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or in asymptomatic patients, our data suggest that expectant management and delayed surgery is not justified in the majority of patients with a recent nondisabling symptomatic event and ipsilateral significant carotid stenosis.
